The physiologically active substances in apple vinegar have not yet been chemically characterized. We studied the biological functions of apple vinegar produced from crushed apples, and found that the constituent neutral medium-sized -glycan (NMG) acts as an antitumor agent against experimental mouse tumors. NMG is a homoglycan composed of glucose having a molecular weight of about 10,000 and a branched structure bearing (1-4,6) linkages.
The physiologically active substances in apple vinegar have not yet been chemically characterized. We studied the biological functions of apple vinegar produced from crushed apples, and found that the constituent neutral medium-sized -glycan (NMG) acts as an antitumor agent against experimental mouse tumors. NMG is a homoglycan composed of glucose having a molecular weight of about 10,000 and a branched structure bearing (1) (2) (3) (4) 6) linkages.
In this study, we clarified the origin of NMG in apple vinegar by examination of its content in alcohol and acetic acid fermentation products sequentially. We found that NMG appeared in acetic acid fermentation, but not in alcohol fermentation. Furthermore we investigated NMG origin using acetic acid fermentation from alcohol fortifiied apple without alcohol fermentation and from raw material with varying amounts of pomace. The results indicate that NMG originated in the apple fruit body and that its production requires both fermentation processes.
Key words: apple vinegar; antitumor activity; fermentation process ''Vermont drink'' is well-known throughout the world. It is a drink made from apple vinegar and honey, in Vermont, USA. 1) People in Vermont enjoy healthy longevity thanks to apple vinegar. Recently, various kinds of apple vinegar have been sold as health drinks in Japan.
But the correct chemical characterization of the physiologically active substances is not known. In 1967, Fujita reported that vinegar was very effective at reducing hypertension induced by deoxycorticosterone acetate and sodium chloride.
2) Recently, the hypotensive action of apple vinegar was clarified by experiments in humans. Furthermore, it was detemined that the active substance is acetic acid. [3] [4] [5] The life-prolongation effects of the apple vinegar have been clarified by experiments with Balb/c mice using Meth-A fibrocarcinoma.
6) The active substance was isolated and its chemical nature identified as a neutral medium-sized -glycan (NMG). We then examined the processes of the apple vinegar ''Okezukuri'' and clarified the origin of NMG.
6)

Materials and Methods
We used fermentation samples, produced during ''Okezukuri Ringosu'' production (Kanesho, Aomori, Japan).
Alcohol fermentation samples. Samples collected on days 7, 12, 38, and 45 were passed through gauze filtration to remove insoluble matter and centrifuged at 8,000 rpm for 20 min. To confirm fermentation, we analyzed the Brix (%), alcohol, and neutral hexose concentrations.
7)
Acetic acid fermentation samples. Samples collected on days 1, 5, 10, and 14 were passed through gauze filtration to remove insoluble matter and centrifuged at 8,000 rpm for 20 min. To confirm the fermentation process, we analyzed the Brix (%), alcohol concentration, acidity, and neutral hexose concentration.
Gel filtration chromatography. The alcohol and acetic acid fermentation samples were dialyzed against distilly To whom correspondence should be addressed. Aomori Industrial Research Center, Hirosaki Technical Laboratory, 80 Fukuro-machi, Hirosaki, Aomori 036-8363, Japan; Tel: +81-172-32-1466; Fax: +81-172-35-5093; E-mail: abe@aomori-tech.go.jp Abbreviation: NMG, neutral medium-sized glycan ed water, and non-dialyzed fractions were subjected to gel filtration chromatography using a Sephacryl S-300 column (GE Healthcare UK Ltd., Buckinghamshire, UK). The resulting elution fractions were measured at optical densities of 230, 280, and 430 nm to examine peptides, proteins, and colored materials, and were measured for neutral hexose and uronic acid by the phenol-sulfate (neutral hexose) 7) and carbazol methods (uronic acid).
8) The columns for alcohol and acetic acid sample separation were 2 Â 102 cm and column 2 Â 96 cm respectively.
Anion exchange chromatography. Anion exchange chromatography was performed using the NMG elution position fraction of gel filtration on day 45 of alcohol fermentation and day 14 of acetic acid fermentation. The resulting elution fractions were measured by the phenol-sulfate and carbazol-sulfate methods.
Sugar composition of the AC1 fraction. The AC1 fraction (0.25 mg) was hydrolyzed with 1.5 ml of 2 N H 2 SO 4 at 100 C for 2 h. The reaction mixture was evaporated to dryness and then dried under sodium hydroxyde overnight using a vacuum pump. Pyridylamination (PA) of hydrolyzed Fr-AC1 was carried out according to the method of Takemoto et al. 9) using the sugar pyridylamination equipment Palstation (Takara Shuzo, Kyoto, Japan). The PA sample was analyzed by high-performance reversed-phase liquid chromatography (Hitachi, Tokyo) using Palpak Type A (4:6 mm Â 150 mm, Takara Shuzo). Elution was carried out using acetonitrile and 0.7 M K 3 BO 3 (at a ratio of 1:9, v/v) and was monitored with a fluorescence detector (Hitachi). The excitation and emission wavelengths used in fluorescence analyses were 310 nm and 380 nm respectively.
MHz
1 H-NMR spectrum. The pass-through fractions of anion exchange chromatography were measured by 270 MHz 1 H-NMR. Based on routine procedures, the samples were replaced with D 2 O (99.8% and 99.9%, Merck). Analysis was performed using acetone (internal standard, 70 C).
Origin of NMG. Apple vinegar was produced using three media: (i) a mixture of the apple alcohol fermentation product and Hennbelg synthetic medium; (ii) apple juice and alcohol; and (iii) various quantities of alcoholic fermentation pomace.
All other chemicals were purchased from Wako Pure Chemical Industries (Osaka, Japan).
Results and Discussion
Abe et al. 6) searched for the antitumor active substance of apple vinegar against Meth-A fibrosarcoma using female BALB/c mice. The antitumor active substance was identified as non-dialyzable, passing through DEAE anion exchange chromatography, and eluting the position near Vt on gel filtration using Sephacryl S-300. In addition, this substance was obtained in Fr-A-F1c, a neutral medium-sized homoglycan composed only of glucose with molecular weight of about 10,000 and a branched structure bearing (1-4,6) linkages, based on NMR analysis and enzymatic treatments of -amylase and iso-amylase.
Following to Abe et al. 6) we asked the following questions: When does NMG appear during fermentation? Where does NMG originate from, Acetobacter, yeast, or apple? Are alcohol and/or acetic acid and apple necessary for NMG production?
We observed the generation of NMG from apple vinegar fermentation, and compared the NMG content of apple vinegar from apple juice and apple vinegar from crushed apple to answer these questions. Furthermore, we assayed the vinegar from alcoholic apple juice without alcohol fermentation and vinegar from synthesized culture medium without alcohol fermentation using the microorganism from the ''Okezukuri'' apple vinegar for the same reason.
Identification of antitumor medium-sized glycan (NMG)
We purified NMG from apple vinegar according to the technique described in Abe et al. 6) In addition, we defined the following criteria as to whether the fraction separated by gel filtration and ion exchange chromatography from the fermentation products is NMG: the sample, purified from the fermentation products should exhibit the same 270 MHz 1 H-NMR spectrum and the same yield.
Was NMG produced during alcohol fermentation? To observe the fermentation, samples of the alcohol fermentation were collected on different days. The samples were measured for Brix (%) and alcohol and neutral hexose concentrations. In the initial stage of fermentation, the amounts of both Brix (%) and neutral hexose were high. These values decreased together as fermentation advanced and the alcohol concentration increased (Fig. 1) . This phenomenon implies that alcohol fermentation progressed smoothly. Samples on days 7, 12, 38, and 48 were dialyzed against distilled water. The nondialyzed fractions were applied to a gel filtration column (Sephacryl S-300). The separation patterns are shown in Fig. 2 . The uronic-acid-rich fraction formed a large peak compared with the neutral-hexose-rich fraction (day 7, Fr. No. 40-70). The large peak disappeared on day 12, and a small peak near Fr. No. 70 and a large peak near Vt appeared. The peak near Fr. No. 70 increased during days 38-45, but the peaks near Vt gradually decreased. The neutral hexose concentrations of both peaks changed as well. The elution position of NMG was the same as that of both these peaks (Fig. 1, AL1 and AL2 fractions). Next, anion exchange chromatography was performed on the AL1 and AL2 fractions, but the neutral hexose positive peak was not completely ob-served in the antitumor component elution position. The elution pattern of anion exchange chromatography of the AL1 fraction is shown in Fig. 3 . There was a small neutral hexose positive peak at the NMG elution position. Moreover, large peaks of neutral hexose and uronic acid were observed in Fr. Nos. 30-40. The yield of the NMG elution position in the apple vinegar was 55% of the applied weight, although that of NMG in the AL1 fraction was 1% or less. Therefore, the AL1 fraction was not considered to be NMG. The 270 MHz 1 H-NMR of the AL1 fraction was measured, and was different from that of NMG, and hence the AL1 fraction was not entirely NMG (Fig. 4) .
From the above results, NMG was not contained in the apple fruit, and it did not appear during alcohol fermentation.
Was NMG produced during acetic acid fermentation?
To observe the fermentation, samples of acetic acid during the process of production were collected on different days. The samples were measured for Brix (%), alcohol concentration, acidity, and neutral hexose concentration. The data are shown in Fig. 5 . At the initial stage of fermentation, the alcohol concentration was high and the acidity low, although the alcohol concentration fell and acidity increased with the progress of fermentation. This phenomenon implies that the acetic acid fermentation progressed smoothly. Samples on days 1, 5, 10, and 14 were dialyzed against distilled water and the non-dialyzed fractions were applied to a gel filtration column (Sephacryl S-300, Fig. 6 ). From day 1, two uronic acid positive peaks were observed at the NMG elution position (Fr. Nos. 54-70). Their pattern changed at the later fermentation stage. In addition, neutral hexose positive material was found at the NMG elution position as a broad peak (Fr. Nos. 50-70). During days 10 and 14, the peak changed in pattern and overlapped with two or three other peaks. Then anion exchange chromatography was performed on the AC1 fraction on day 14 (Fig. 7) . The result was a large peak positive for neutral hexose, which did not appear during alcohol fermentation in pass-through fraction, and the uronicacid-positive material mainly eluted in Fr. Nos. 20-30. The yield of this pass-through fraction was 41%, considerably higher than that of apple vinegar. More- Fig. 1 . Each sample was dialyzed against distilled water, evaporated, lyophilized, and subjected to Sephacryl S-300 gel filtration. Elution was performed using 0.1 M NaCl at a flow rate of 0.5 ml/min at 4 C. Fractions of 3.0 ml were collected; , neutral hexose; , uronic acid.
over, it was expected that the fraction would consist mainly of neutral hexose, but a small amount of uronic acid was detected by the color reaction. From sugar composition analysis, the AC1 fraction is a homoglycan composed of glucose only. The 270 MHz 1 H NMR spectrum of the AC1 fraction was shown in Fig. 8B . On the basis of NMR analysis of the AC1 fraction, two peaks at 5.3796 ppm and 4.96 ppm in Fig. 8B were assigned to two anomeric protons of -1-4-mono-and -1-4,6-disubstituted linkages in a glycogen-like molecule.
10) The molecule was almost identical to that of NMG in Fig. 8A . From this result, we concluded that apple vinegar antitumor polysaccharide NMG appeared during acetic fermentation.
There has been no report suggesting the production of a homoglycan with conjugate by Acetobacter. It is thought that NMG is produced according to whether it was originally present in the apple fruit or is produced during alcoholic fermentation. But it became clear through this study that NMG unexpectedly appeared during the acetic acid fermentation process.
To determine whether the yeast produces NMG independently, acetic fermentation was performed using alcoholic apple juice, and the NMG content of the fermented medium was measured. But little NMG content was detected (data not shown). To determine whether Acetobacter produces NMG independently, acetic fermentation was performed using Hennbelg synthesized medium, and its NMG content was measured (Fig. 9) . We did not detect NMG in the culture medium, but were able to detect NMG in medium comprised of Hennbelg synthesized medium and apple wine (1:1, v/v). Therefore, it was evident that Acetobacter did not produce NMG independently.
These results indicate that NMG is derived from the apple fruit. To clarify this, we produced apple vinegar from crushed apple, which had a different content of pomace, and its NMG content was measured as shown in Fig. 10 . Because the increase in NMG content was dependent on the pomace content, the origin of NMG contained in apple fruit was considered to be insoluble apple starch. In addition, we examined commercially available apple vinegar from alcohol-applied apple juice and that from apple vinegar by Kanesho Corporation. We were unable to detect NMG in the commercial vinegar, but did detect a little NMG in Kanesho vinegar. These results support the above discussion. They indicate that NMG originated in the apple fruit body and that its production requires both fermentation processes.
It is interesting that NMG production requires both fermentation processes, and it suggests that other kinds of vinegar might contain NMG. Our future research Fig. 5 . Each sample was dialyzed against distilled water, evaporated, lyophilized and subjected to Sephacryl S-300 gel filtration. Elution was carried out using 0.1 M NaCl at a flow rate of 0.5 ml/min at 4 C. Fractions of 3.0 ml were collected; , neutral hexose; , uronic acid. 
